Two nested PCRs for the detection of Mycobacterium ulcerans were compared by using a collection of 65 clinical specimens. The first method amplifies the gene coding for 16S rRNA, and the second method amplifies a repetitive DNA sequence. The sensitivities of bacterioscopy, culture, 16S rRNA gene PCR, and repetitive-sequence PCR were 29, 34, 80, and 85%, respectively. Compared to the 16S rRNA gene PCR, the repetitive-sequence PCR was faster, easier to perform, and less expensive.
Mycobacterium ulcerans is the causative agent of Buruli ulcer, an infection of the subcutaneous fat that results in a chronic indolent ulcer. The disease has been reported since 1948 in several, mostly tropical, regions (2) , with a recent dramatic increase of incidence in West Africa (1, 3) .
Histological examination of biopsy material reveals extensive necrosis of the dermis and hypodermis, with acid-fast bacilli (AFB) present either in large clumps or as a few, irregularly dispersed organisms, which results in a low sensitivity of microscopic examination. Culture of M. ulcerans is also insensitive and has a long lag phase in primary culture, i.e., from 6 to 24 weeks (5), due to the poor viability of M. ulcerans, especially after the decontamination procedure (4) .
PCR assays offer a welcome alternative to culture for difficult-to-grow organisms. Different targets have been used for the molecular detection of M. ulcerans: the gene coding for 16S rRNA (7) , the repetitive DNA sequence IS2404 (9) , and the gene coding for a 65-kDa heat shock protein (8) . In the 16S rRNA gene PCR, specificity depends on postamplification hybridization with a DNA probe in an oligonucleotide-specific capture plate hybridization (OSCPH) assay. In the IS2404 target PCR, a post-PCR hybridization step was applied to increase sensitivity (9) . The main advantage of the IS2404 target of PCR is its specificity, since it produces a positive result only with M. ulcerans, whereas the assay targeting the 16S rRNA gene does not distinguish between M. ulcerans and M. marinum (7) . The IS2404 PCR has been tested on Australian samples only (9, 10) .
The objectives of the present work were (i) to develop a nested IS2404 PCR without hybridization for the detection of M. ulcerans, (ii) to compare the sensitivities and specificities of the IS2404 PCR and the 16S rRNA gene PCR with a selection of mycobacterial strains, and (iii) to compare both amplification tests with microscopy and culture for the diagnosis of M. ulcerans infection in a collection of clinical specimens. Table 1 shows the mycobacterial strains studied: 31 reference strains and patient isolates, 9 strains representative of the diversity of M. ulcerans, including the closely related M. shinshuense strain, and 8 nonulcerans isolates from the environment in regions of endemicity in Benin and Ghana. Bacterial suspensions were prepared from fresh subcultures on Löwen-stein-Jensen medium (L-J). The number of AFB in the suspension were counted according to the method of Shepard and McRae (12) . Briefly, 5-l samples of the suspensions were delivered to circular areas marked on microscope slides. Fixation was by formaldehyde vapor, and heat and staining were by the Ziehl-Neelsen procedure. AFB in three circular areas were counted.
Sixty-five tissue fragments of about 5 to 10 g each from 26 patients with clinically active and histologically confirmed M. ulcerans infection were selected. Upon collection, the fragments were placed in 2 ml of modified Dubos medium (11) and transported to the Institute of Tropical Medicine at room temperature.
From these fragments, about 1 g was prepared with the help of disposable scalpels and homogenized in 1 ml of phosphatebuffered saline, decontaminated with 1 N hydrochloric acid for 20 min, and neutralized with 1 N sodium hydroxide. After centrifugation, the sediment was inoculated onto L-J, 1% Ogawa egg yolk medium, and Ogawa egg yolk medium supplemented with mycobactin J (6). Media were incubated at 33°C for up to 12 months and examined once weekly. Smears of the suspension were stained by the Ziehl-Neelsen method. The mycobacterial isolates were identified as previously described (14) .
Separate fragments of about 1 g were minced with disposable scalpels and homogenized in 500 l of digestion buffer (30 mM Tris-HCl, 30 mM EDTA, 5% Tween 20, 0.5% Triton X-100, 800 mM guanidine hydrochloride). Twenty microliters of proteinase K (from a 20-mg/ml stock solution) was added, and the suspensions were incubated for 30 min at 60°C in a rotating incubator. Samples were sonicated for 8 min at room temperature in a water bath sonicator. Forty microliters of diatomaceous earth was added, and the samples were incubated for 1 h at 37°C and washed twice in 70% ethanol and then once in acetone. After drying at 50°C, sediments were resuspended in 100 l of Tris-EDTA and incubated at 65°C for 20 min. Ten microliters of the fresh solution was used for PCR.
The PCR in a nested format was directed at the repetitive sequence IS2404 of M. ulcerans (GenBank accession no. U38540), with the primers MU1 and MU2, which amplify a 549-bp sequence (9) . DNA recovered was reamplified with the new primers PGP3 (5Ј-GGCGCAGATCAACTTCGCGGT-3Ј, positions 547 to 563 in the sequence U38540) and PGP4 (5Ј-CT GCGTGGTGCTTTACGCGC-3Ј, positions 764 to 745).
For the first PCR, 10 l of the sample was amplified in a 50-l reaction mixture containing 20 pmol of each primer (MU1 and MU2), 1 U of Ampli Taq DNA polymerase (Roche Molecular Systems), 200 M concentrations of each deoxyribonu-cleotide triphosphate, 1.5 mM MgCl 2 , 0.1% Triton X-100, and 10 mM Tris-HCl (pH 8.4) and overlaid with mineral oil. Cycling was as follows: denaturation at 94°C for 5 min; amplification for 40 cycles of 94°C for 1 min, 66°C for 1 min, and 72°C for 1 min; and a final extension at 72°C for 7 min. For the second PCR, 1 l from the first-run product was amplified in a 25-l reaction mixture with primers PGP3 and PGP4. The annealing temperature was 64°C. Five microliters of amplified DNA was submitted to electrophoresis through a 2% agarose gel and detected by ethidium bromide staining and UV transillumination. OSCPH was performed as described previously (7) . Briefly, part of the DNA coding for 16S rRNA was amplified in a nested PCR specific for the genus Mycobacterium. During PCR, a label (digoxigenin-11-dUTP) was incorporated into the amplicons, which are detected by hybridization in microtiter plates coated with streptavidin and a biotinylated oligonucleotide probe specific for M. ulcerans and M. marinum only.
As shown in Table 1 , the IS2404 PCR was positive only with M. ulcerans isolates and the closely related M. shinshuense. Both tests identified M. ulcerans isolates regardless of the geographic origin. Both PCRs were reproducibly positive with fewer than 10 bacteria in the PCR specimen.
Bacterioscopy, culture, 16S rRNA gene PCR, and IS2404 PCR with the 65 clinical specimens were positive with 21 (32%), 22 (34%), 52 (80%), and 55 (85%) specimens, respectively. All culture-positive samples were positive by both molecular tests. All 16S rRNA-positive specimens were confirmed by the IS2404 PCR. Among the 39 Ziehl-Neelsen-negative and culture-negative specimens, 33 were positive by the IS2404 PCR. The difference between the positive results of both molecular tests was not significant (P ϭ 0.5). Correlation between results of both molecular tests was excellent (degree of nonrandom agreement [kappa] ϭ 0.8). As shown in Table 2 , bacterioscopy, culture, the 16S rRNA gene PCR, and the IS2404 PCR were able to confirm the diagnoses for, respectively, 11 (42%), 11 (42%), 22 (85%), and 22 (85%) patients of the 26 histologically confirmed cases.
In their original paper claiming that the IS2404 PCR is Compared to those of the molecular methods, the sensitivity of culture of M. ulcerans on L-J, considered until now the reference method, is very low. Loss of viability of the organism resulting from transport and decontamination of the samples may be responsible for the great difference in detection rates. In the previous paper (7), detection rates obtained with culture and 16S rRNA gene PCR were similar. However, in the present study, a different DNA extraction method using diatomaceous earth was employed. This procedure, in contrast to ethanol precipitation, concentrates the DNA and eliminates PCR inhibitors.
The difference in detection rates between the IS2404 PCR and the 16S rRNA gene PCR is not significant, suggesting that availability of target DNA for amplification rather than the technique used determines the detection rate. The high positivity rates produced by the molecular methods with negative samples both by microscopy and culture illustrate the usefulness of these techniques for analysis of specimens transported at room temperature.
In conclusion, the use of molecular methods for the detection of M. ulcerans is justified by the gain of time and sensitivity. Compared with the 16S rRNA gene PCR, the IS2404 PCR is faster, less expensive, and easier to perform. This study was supported by the Damien Foundation, Brussels, Belgium.
